
What Is clained Lmt 

^ 1. A memory tubByBtem comprising 

two memory devices connected in parallel to a bus, 
•aid bus including a plurality of bus lines for 
carrying stibstantially all address, data and control in- 
formation needed /by said memory devices, 

said control information including device-select 



10 



information, 

said bus coilta 
the number of bits 

said bus c 

need for separat 

/ 

indiyidua 1/ memo 
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subetanjtially fewer bus lines than 
a single address, and 
ng device-select information without the 
device-select lines connected directly to 
devices • 



The memory subsystem of claim 1 wherein said bus 
contains at least 8 bds lines adapted to carry at least 16 
address bits and at loast 8 data bits. 

3. The memory subsystem of claim 1 wherein said bus also 



20 



includes parallel lines for clock and power* 



4* A system cpmprising 

a memory ^^system of claim 1 wherein each bus of said 
memory subsyst^em is connected to its own transceiver device. 



High Performance Bus Interface -63- 



a transceiver bus) connecting eaid transceiver devices ^ 



a neans for transferring information betireen each of 
said buses of said aieinory stabsystems and said transceiver 
bus, %rtiereby nemory subsystems may be integrated into a 
larger system having ipore memory than an individual memory 
subsystem. 



5. The system of 
10 ;Q subsystems. 



6. The system of cl 
device connected to said 
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7. The system of 
selected from the group 



consistii^i^ of a central^rocessing unit, 
a floating point unit ailid a /direct jpCTiory^access unit. 



8. The system of 




g a pliirality of siemory 



er comprising a aiaster 
^iver bus. 

e^Lhetein said master device is 



claim 4 further comprising a peripheral 



20 device connected to the tMnsceivex!j\b said peripheral device 
adapted for connection to other devices not on the bus. 
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9. The system of claim 8 %^erein said peripheral device is 
selected from the group consisting of an Z/0 interface port, a 
video controller and a disk controller. \ 
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10. fli« system of c laja i 5 wherein said transosivsr bat Is 

la e different plane than tfie plane of the bus of oach of said 
■oaory aubsystcins. 



11. The system of cl aim 5 wherein the bus of oach memory 
siibsystem lies svibstantially in a subsystem bus plane and said 
transceiver bus lies substantially in a plane orthogonal to said 

|~ subsystem bus plane* 1 

12. The system of claim 4 having at least two transceiver 
M buses, each transceiver bus Having a pl;tu:ality of memory 

subsystem buses coxmected through a f i/rst |transceiver tp^ eei^^ 
h transceiver bus, 1 / I j/^ 

Q each of said tremsceiver \buses being/ fi^rtii^r^onnected to a 

m second transceiver adapted to interface to a second^order 

transceiver bus, vhereby each transceiver bus is connected 

through said second trans ceiver\ to form a second-order 

transceiver bus uxiit* \ 

V \ 

13* A semiconductor subsystem bus for interconnecting 

semiconductor devices comprising \ 

a plurality of semiconductor devices connected In 

parallel to a bus, at least one of said semiconductor 
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devic«8 bfting a maaory davica or a transcalvar ^darloa which 



] 

In turn is eonnactad to 
aald bus including 



a ■emciry aubsystam, 
a plxirality of bus liaM for 
carrying aubstantially kll addrass, data and control 
infornation needed by aiiid aemiconductor devicaa, 

said control inforsAtion including semiconductor 
device-select information, 

aubstantially fewer bus lines than 
aingle address, and 



aaid bus containing 
the number of bits in a 



said bus carrying device-select information without the 



need for separate devicr 
individual semiconductoz 

at least one modifi&ble 
conductor devices on said bus 
being accessible from said bus 
configured using signals itran 

iubc 




connected directly to 

in each of the semi- 
modifiab^a^registers 

subsystem can be 
bus. 



14. The semiconductor subsystem bus of cl aim 1 3 vherein one 
type of modifiable register is ^ access-time register designed 
to store a time delay after %^i(^ a device may take aome 
specified action on aaid bus. 



15. The semiconductor subsystem bus of cl alnj ,3 further 
comprising a semiconductor device having at least two access-time 
reg'isters and 
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enm of said accats-l 
to contain a fixed valua 
mgltters can be aodif led 



registers Is pemanentlx prograanied 
at least one of said Acoess-tlae 

Information carried on said bus. 
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16. The semiconductor subsystem bus of claim 13 further 



con^rising a aemory device 
section and also having a 



having at least one discrete memory 
modifiable address register adapted to 
store memory address information tfhich corresponds to each said 
discrete memory section. 



17. The semiconductor subsys 
said memory address infonpation c 
Crete memory section. 



IS of claim 16 herein 
Lses a pointer to said diS' 




18. The semiconductor subsystem bufe~-t$f claim 16 therein 
said discrete memory section has^ top and a bottom and said 
memory address Information \comprises pointers to said top and 
said bottom. 
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19. The semiconductor subsystem bus of claim 16 vhereln 
said memory address Information comprises 

a pointer to said discrete memory section and 

a range value indicating the size of said discrete 

memory section. 
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20. Ihe semiconductor subsystem bus of claim 16 wherein 



Mid Address registers of Mch of said discrete memory sections 
cf each of said memory devices connected to said bus are set to 
contain memory address information that is different for each 
discrete memory section and such 

in each discrete memory section ik one less than the lowest 
memory address in another discrete memory section, 

lAereby memory may be organised into one or a small number 
of contiguous memory blocks. 



21. The semiconductor subsystem bus 
comprising a means for testing each of 
tions of each of said memory devices 
for each non-»ftmctional 




aim 16 further 
s Crete memory sec- 
and 



means for setting at least on4 adjlres^ register which 
corresponds to said discrete s^emory^ section to indicate that 
said discrete memory section ils non-functibzial, 

for each functional discrete memory section, a means 
for setting at least one address register which corresponds 
to said discrete memory section to contain such 
corresponding address information. 



22. The semiconductor subsystem \bus of claim 21 wherein 
said address registers corresponding t^ said discrete memory 
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••ctions are set to provide pne contiguous siemoxy blodk vithin 
the eubeysten* 

23* The semiconductor subsystem bus of claim 13 wherein one 
of said modifiable registers is a device identification register 
vhich can be modified to contain a value unique to that 
semiconductor device* 



iO 24. The semiconductor 

10 m aaid device identification 
jij value vhich is a function 
;^ semiconductor device 
other semiconductor 



either 



devices 



subsystem bus of claim 23 wherein 
register is set to contain a unique 
of the phy6i6al ^position of that 

along s^id J^us or in re^iationship to 
or saijd bi 
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\ 25. A bus subsystem comprising 

two semiconductor devlcesyconnected in parallel to a 
bus, %rherein one of se^id semiconductor devices is a master 
device, 

said master devic^ including a means for initiating bus 
transactions, 

said bus including k plurality of bus lines for 
carrying substantially ail address, data and control 
information needed by said devices, 

said control informatlpn including device-select 
information. 
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said boa containing /•ubstantially fmmr liMS than the 
inzBbar of .bits in a single address, and ^^^M" 

said bus carrying device-select information ivithont the 
need for separate device*select lines connected directly to 
individual devices on laid bus, whereby said siaeter device 
initiates bus tranBactione which transfer infomation 
bet%roen said semlcondu :tor devices on said bus. 



26. The bus sxibsystem 



of claim 25 vherein one of said 



semiconductor devices is a memory device o^lnected to said bus, 
said memory device having ati least one discrete memory section 
and also having a modifiable! address register adapted to store 
memory address information %rtiich corzjespon^fi^ to each said^ 
discrete memory section* 

27. The bus stibsystem of \ claim l26 therein one of said 
semiconductor devices comprises a transceiver device connected in 
parallel to said bus and connected in parallel to a memory device 
on a bus other than said bus. 



28* The bus subsystem of claim 26 further including a means 
for said master device to request said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device and said master de(\rice each having a device- 
internal means to prepare to begin sai|i bus transaction during a 
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devlce*ijitemal phase and further having a bus acceae veana to 
effect said bus transaction during a pus access phase, aaid 
request packet including 

a sequence of bytes contaiijling address and control 
information, 

said control information Including information about 
the requested bus transaction ^uid about the access time, 
which corresponds to a number of bus cycles, ^ich needs to 
intervene before beginning said bus-*access phase, and 

said address information Minting to at least one 
memory location within one of said disc2^^:fee. memory sections 
of said memory device. 
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M 29. The bus subsystem of claiift 28 

O device includes a means to read sai4 cbfitro 
initiate said device-internal means lat 4a 
said device-internal phase within salLd 
bus access phase after said number of bus cycles 




20 30. The bus sxibsystem of claim wherein said control 

information comprises an op code. 
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31. The bus subsystem of claim 30\ wherein said memory 
device includes sense amplifiers adapted to hold a bit of 
information or to precharge after a selected time and a means to 
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transfer a data block during /a data block transfer either reading 



or mriting data into said memory 



10 



data from said memory device 
device, and 

herein said op code inut:ruct8 said memory device to 
activate a response means, said response means including a means 

\ 

initiate a data blocK transfer, 

select the size of said data block, 

select the time to initiate said data block transfer, 

access a control register, including reading from or 
vriting to said control register, 

precharge said sense unplif iers^^ter each of said data 
block transfers is complete, 

hold a bit of information iQ ea/sti of said sense 
amplifiers after each of s4id d^ta ^Idick transfers^is 
complete, or 

select normal or page-ikode 




32. The bus subsystem of cli&im 31 \^erein said data block 
20 transfer comprises a read from or \a write to memory within a 
single memory device. 
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33. The bus sxibsystem of claim\ 28 further comprising a 
means for said master device to send\control Information to a 
specific one of said semiconductor devices on said bus by 
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including in said request plack 
unique to said, semiconductor 



34* The bus subsystem 



et a device identification number 
device • 



of claim 28 further comprising a 
means for said master devicb to send control information to a 
selected one of said discrete memory portions by including in 
said request packet a speci::ic memory address. 



35. The bus subsystem 



of c laim 28 further comprising a 



10 =~ means for said master device to send control Jmformation to 



U] substantially all semiconductor devices 
P in said request packet a special devic 
%^ich is recognized by said semicond 



15 




id bus by including 
tification number 



36, The bus subsystem of clainL^ wherein said control 
information specifies directl^ or indirectly the number of bus 
cycles for said master device! and said memory device to wait 
before beginning said bus access phase. 



20 



37. The bus subsystem of \cla im 3 6 wherein, for a data block 
transfer, said master device and said memory device use the same 
access time and same data blocklsize regardless of v^ether said 
data block transfer is a read oaAwite operation. 



High Performance Bus Interface -73- 



38. The bus sxibBystem of cl aim 28 wherein said control 
information fxitther includeJ a block-size value that encodes and 
specifies the size of the block of data to be transferred. 



39. The bus subsystem of claim 38 wherein said block-sise 
value is encoded as a lineat value for relatively small block 
sizes values and is encoded| as a logarithmic value for relatively 
larger block sizes. 



40. The bus sxibsystem of claim 
value is encoded using foun bits, an 



Block 




block-size 
value is 



Encoded Value 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



41. The bus subsystem of\ claim 26 wherein said memory 
device is a DRAM device containing 

a plurality of sense amplifiers. 
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a means to hold said sense amplifiers in an unmodified 
state after a read or Jwrite operation, leaving the device in 
page mode, 

a means to prechalrge said sense amplifiers and 
a means for selecting whether to precharge said sense 

said sense amplifiers in an unmodified 



amplifier 
state. 

42- The 
packet comprises 

43. The 
for generating 
vhich said bu 
information, 
odd cycles a: 
request packet 



hole 



system 




44. The 



)f claim 28 wherein said request 
5r of bytes. 



lof claim 28 fxirther including a means 
fntroililng a plurality of bus cycles, during 
said pddress, data and control 

alternate said bus cycles Are designated 
Respectively, and v^rein said 
onl]^ on\ an even cyclj 



subsystem ofi claim 28 further including a means 
for generating ECC information! corresponding to a block of data 
and a means for using said ECC \inf ormation to correct errors in 
storing or reading said block olf data, wherein said ECC 
information may be stored separately from said block of data. 
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45. The bus stabsystW of claim 44 further coo^rising at 
least two of said nemory <levlce8 vherein said ECC Infomation and 
said corresponding block ^f data are stored in a first and a 

respectively, and said master device 
r read said block of data with error 
correction by sending separate ones of said request packets for 
said ECC information and fir said corresponding block of data* 



second said memory device, 
includes a means to write 



\ 
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46. A bus subsystem cbmprislng 

a j&emory device ai^d a master device connected in 
parallel on a bus, 

a means for sWid mai^ter^device to send a request 



packet and initiatf a bus transaction and 

a means for se^id kaster aevice to keep/ track of 
current and pending\bi: 6 tremsactions , X 
said bus including A pluralitry of-Jsus^ lines for 
carrying substantially alu. a^dre^s, data and control 
information needed by said memory devices, 

said bus containing s^stantially fewer lines than the 
number of bits in a single \addres8, and 

said bus carrying deviAe-select information without the 
need for separate device-seltect lines connected directly to 
individual devices on said biis, whereby said master device 
initiates bus transactions which transfer information 
between devices on said bus and collisions on said bus are 
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avoided becau 
transactions 
bos transactibns 



se said master device avoids initiating bus 
^Ich would conflict with current or pending 



47. The bus smbsystem of claim 46 having at least two of 
said master devices Wnd including 

a collisioriy detecting means whereby a first said master 
device sending aVfirst said request packet can detect a 
second said mastery device sending one of said colliding 
request packets, where one of sai^ said colliding request 
packet may be sent fi^ultaneou^ wit^ the initial sending of 
or overlapping the siding of /said i^irst request packet, and 

an arbitration meaks whdreby satd l64rst aiid^ said second 
master devices select a priority orqer in iidiich each of said 
master devices will be al^oweii^ to acicess said bus 
sequentially. 



48. The bus subsystem of claim 47 %dierein each of said 
master devices has a master ID number and each of said request 
packets includes a master ID position which is a predetermined 
number of bits in a predetermined position in said request 
packet, and wherein said collision detection means comprises 

a means included in each master device for sending a 

request packet including said master ID nxamber of said 
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■aster device\in said master ID position of said request 
packet and 

a means tA detect a collision and invoke said 
arbitration means if any master device detects any other 
master ID ntimber\in said master ZD position. 
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49. The bus subsystem of claim 47 wherein each of said 
master devices includes 

a means for sending a request packet. 



a means for drivirtg a selected bus line or lines during 



15 
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at least one selected bus cycle whi^e said 
being sent, 

a means for monitoring^ said sttlect^ 
to see if a said master device is f endi 
request packet and 

a means for informing allXothe 
collision has occurred and for invok 
means. 




Jt is 



lines 



ier devices that a 
laid arbitration 



50. The bus siibsystem of claim 47 irtierein each of said 
master devices includes \ 

a means, when sending a request packet, to drive a 
selected bus line or lines with a certain current during at 
least one selected bus cycle. 
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a means \£or nonltoring said selected bus line or lines 
for a greater N than noxnal current to see if another aaster 
device is driving that line or lines, 

a means fox^ detecting said greater than normal ciirrent, 

and 

a means for informing all said master devices that a 
collision has occxxi^red and for invoking said arbitration 
means. 



51. The bus subsystem^ of claim 47 wherein said arbitratic^ 
means comprises 

a means for initiating an arbJ 

a means for allocating a single bus lllne to eac}/ master 
device during at least one\ selected bus cy41& relative to 



the start of said arbitration cycl 

\ 

a means for allocating each mas 




to a single 



bus line during one of said selected bus cycles if there are 

\ 

more master devices than available bus lines, 

a means for each of said master devices vhich sent a 

colliding request packet to driveXsaid bus line allocated to 

said master device during said selected bus cycle, and 
a means in at least one of said^master devices for 

storing information about which master devices sent a 

colliding bequest packet. 
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«rtiereby said naster devices can monitor selected bus 
lines during B^Ld arbitration cycle and identify each said 
aaster device %«)U.ch sent a colliding request packet. 
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52. Thelbus subsj^stein of claim 47 wherein said arbitration 
means comprises 

a means included in a first one of said master devices 
vtiich sent colliding request packets for identifying each of 
said master devices %t^ich sent colliding request packets, 
a means for assigning a priority to each said master 
device which sent a colliding request ^packet, and 
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\ 



a means for allowingv each said master device which sent 



a colliding request packet\ to acce|ss the 
according to that priority. 



53. The bus sxibsystem of claim\52 wherein said priority is 




based on the physical location of each of \ai 



master devices. 
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54. The bus subsystem of claim 52 wherein said priority is 
based on said master ID number of said masvter devices. 
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55. The bus subsystem of claJjL-52 wherein each of said 
^master devices includes a means, when sendingXa colliding request 
packet, for deciding which master device can send the next 
request packet in what order or at \^at time, whereby no master 
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device say send a new request packet iintil responses to each 
pending request packet have been completed or scheduled. 



"^56. A bus Wubsystexn comprising 

a plurality \o£ semiconductor devices connected in 
parallel to a busu 



said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed W sajKi^'8^[±conductor devices, 

said control iridE^rroationy^ncluding device^select 
information, 

said bus containing Substantially fewer lines than the 
number of bits/in a s^nj^e apdress, 

said bus/carrying/^said jidevice-select information with- 
out the need/ for sepa^rate device-select lines connected 

/ 7 \ i 

directly to /individ)4al semiconductor devices, 

said semiconductor devices including a reset means 
having an input and an output, the output of the reset means 
of one semiconductor devicil being connected to the input of 
the reset mbans/of the nextWemiconductor device in series* 
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57. The bus subsystem of cla^ 56 
reset means comprising 



ler including system 



a means for generating a ^irst and a second reset 
signal. 
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a means for passing said first reset signal to a first 
of said semlQonductor devices and then to subsequent ones of 
said semiconductor devices In series and 

a means for passing a second reset signal to said first 
semiconductor aevlce and then to said subsequent 
semiconductor devices In series, 
said bus stibsystem Ix^cludlng one of said semiconductor devices 
containing 

a device Identification register adapted to contain a 
number unique to sa\d semiconductor device within said bus 
subsystem, 

a device Identification redlster |s>^ttlng 

a device reset means for rosettli 
device to some desired, \known r^ 
said first reset signal and for 




ictor 
mse to 
ig said device 



Identification register ii^ responke^o said second reset 
signal, 

hereby said bus subsystem can be reset to a known 
reset state with a unique device identification value In 
said device identification register of each of said 
semiconductor devices. 



58. The bus sxibsystem of claim 57 wherein said desired, 
known reset state is where all registers In the semiconductor 
device are cleared and the state machines are reset;' * 
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59. The bus sVibsystem of claim 57 vherein said device 
identification regii^ter setting means comprises 

a means for detecting said second reset signal, 
a means for\ reading a device identification number from 
said bus lines at a specific time relative to said second 
reset signal and 

a means for scoring said device identification number 
in said device idel^tification register of said semiconductor 
device. 



60. The bus subsystem of claim 57 wherein said second reset 
signal comprises multiple \)ulse sequences and ii^erein said device 
identification setting meai^s includes 

a means for interpreting said pulse sequences as a 
device identification number and 

a means for storing said device identification number 
in said device identification register of said semiconductor 
device . 



61. The bus subsystem of cl aly 57 \dierein said device reset 
means comprises an a-stage shift register capable of storing a- 
bit values, wherein said device reBet\means interprets a specific 
value in said shift register as said first reset signal and 



High Performance Bus Interface -63 



' 3 -B 

interprete a specific value in said ahift register as said second 
reset signal. \ 

62* The bus subsystem of claim 57 wherein one of said 
semiconductor devices lis a master device, said master device 
including a means for generating said first and said second reset 
signals. \ 

63. The bus stibsystem of claim 57 %^erein one of said 
semiconductor devices ia a master device, said master device 
including \ 

a master ID register, 

a means for assigning a master ID number to said master 
device and \ . 

a means for storing said master ID number in said 
master ID register. \ 

64. The bus subsystem of claim 63 ftirther comprising a 
second one of said master devices, and a means for a first one of 
said master devices to assign \a master ID number to substantially 
all other said master devices, Wereby said first master device 
assigns one of said master ID numbers to each of said master 
devices on said bus subsystem and each said master device stores 
said assigned master ID number in\said master ID register. 
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65. The bus subsystem of claim 57 %Aerein one of said 
semiconductor devices Includes a device-type register adapted to 
contain an identifier characteristic of that type of 
semiconductor device, and one or more modifiable registers, at 
least one of %»hich\ is an access -time register adapted for storing 
access times. 



66. The bus sv^system of claim 65 vrtierein one of said 
semiconductor devices is a master device having 
XO 3 a means f or \selecting a semiconductor device, 

S a means for ireading said device-type register of said 

ill \ 

selected semicond\xctor device, 
3 a means for determining the device type of said 

selected semiconductor device, 
15 a means for determining access-time values appropriate 

0 for said selected seiaiconductor device and for storing said 

IB access-time values in ^aid access-time registers of said 

selected semiconductor uievice, and 

a means for selecting and storing other values 
20 appropriate for said selected semiconductor device in 

corresponding registers o\ said selected semiconductor 
device, 

%rtiereby said master device can select a semiconductor 
device, determine what type iV is, and set said access-time 
25 and other registers to contain ^appropriate values. 
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67. The 



stenory device 
least one mod 



>U8 tubsystem of claim 66 further comprising a 



having at least one discrete memory section and at 
fiable address register adapted to store memory 
address infoniation idiich corresponds to each of said discrete 
memory sections/ and 

said master device further comprising a means for selecting 
and testing each of said discrete memory sections and a means for 
storing address information in said address registers 
corresponding to\each of said discrete memory sections, vhereby 
said master device can test all said discrete memory sections and 
assign unique address values thereto. 



V 68. A bus subi^ystem comprising 

two semiconductor devices connected in parallel to a 
bus, one of saio^ semiconductor devices being a master 
device, 

said bus including a plurality of bus data lines for 
carrying substantially all address, data and control 
information needed W said semiconductor devices, 

said control information including device-select 
information, 

said bus containing substantially fewer of said bus 
data lines than the numi>er of bits in a single address, and 
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%^erein 
transmission 



•aid buij carzying devlce-Belect Infoznatlon %d.thout the 
need for separate device-select lines connected directly to 
individual semiconductor devices, 

all of said bus data lines are terminated 
lines and all of said address, data and control 
information i^s carried on said bus data lines as a 
sequential series of bits in the form of low-voltage-swing 
signals . 



69. The bus subsystem of claim 68 further comprising a 
semiconductor device! including a current-mode driver connected to 
drive one of said bus\ data lines . 

70. The bus subsystem of claim 69 further comprising a 
semiconductor device haying a means to measure the voltage of 
said low-voltage-swing signals on a selected one of said bus data 
lines, %»hereby said semiconductor device can determine whether 
sero, one, or more than one of said current-mode drivers are 
driving said selected bus data line. 



71. The bus subsystem of claim 70 further comprising a 
semiconductor device having 

a plurality of inputXreceivers connected to one of said 
bus data lines, and 
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one by one to 
said sequential 



a aelectijon means for selecting said input receivers 
sense and store, one at a tijne, the bits of 
series of bits* 



72* The bus subsystem of claim 70 further comprising a 
semiconductor device having two input receivers connected to one 
of said bus data IJ 



V 



73 « A bus 



stem 



two semiconquct 



/ 



ends corresponding 



'comprising 

)r devices connected in parallel ^o a 



bus having a £ir6|b iind a second end, said bus including a 
bus clock I line, siid bus clock line having first and second 



to said first and second ends of said 



bus, respectively, 

a click generator connected to said first end of said 
bus clock Vine to generate early bus clock signals with a 
normal ri8e\time, and \ X 

signal ietum ieans at said second end^^ said bus 
clock line to\retunl said early-bus-ca:^ signals to said 
first end of stfid bus as corresponding late bus clock 

signals , - ^ 

whereby each of said early bus clock signals will 

propagate from said clock\ generator along said clock line 

\ 

starting' from said first end to said second end of said bus 



and then return at a later \ime to said first end of said 
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tms as a 

semiconductor 
clock signal 



coxkesponding 



late bus clock signal, %ihexeby each 
device on said bus can detect said •arly.bus 
and said corresponding late bus clock signals. 



74. The bus Subsystem of claim 73 further con^rising a 
first and a second \said bus clock line having first and second 
ends at said first and said second ends of said bus, 
respectively, ^Aerein said signal return means directly connects 
said second ends of teaid first and said second bus clock lines 
vhereby each of said\early bus clock signals will propagate from 
said clock generator at said first end of said bus along said 
first bus clock line tb said second end of said bus and then 
return on said second bus clock line to said first end of said 
bus as one of said corresponding late bus clock signals. 



D 75. The bus subsystem of claim 73 wherein said signal 

i return means comprises said\ first bus clock line without a line 

terminator at said second end thereof whereby each of said early 

\ 

bus clock signals reaching said second end of said first bus 
20 clock line will be reflected b^k along said first bus clock line 
as said corresponding late bus clock signals. 



High Performance Bus Interface -89- 




76* She bus supsystem of cl aja 73 further cosqprieing 

a means for operating said bus in bus cycles tlaed to 

have a certain bus cycle frequency and a corresponding bus 

cycle period and 

a means for^ operating said clock generator with a 

period of twice the bus cycle period. 



77. The bus subsystem of claim 76 wherein said bus cycle 
frequency Is greater tlian approximately 50 MHz and less than or 
equal to approximately 500 MHz* 



78. The bus subsystem of claim 73 further Including a 
D semiconductor device having an Internal device clock generating 
M means to derive the mldpo^t time between said early and 

15 m corresponding late bus cloqk signals and to generate an Internal 

\ 

,a device clock synchronized to said midpoint time. 



79. The bus siibsystem of claim 73 further Including a 
semiconductor device having a ^ow-skew clock generator clrctxlt 
comprising 

a first delay line having an Input, an output and a 
basic delay and means for synchronizing the output of said 
first delay line with said early bus clock signal, 

a second delay line having said basic delay plus a 
variable delay, said second delay line having an output eoid 
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a aaana for •ynchroniiing the output of aaid ••cond delay 



line %rlth said late bus 
a third delay line 



clock signal, and 

having a third delay and a means to 
set said third delay iidld%»ay between the delays of said first 
and second delay lines,! said third delay line having an 
output which provides al internal device clock signal 
synchronized to a time halfway between said early and said 
late bus clock signals. 



80. The bus subsystem of fclaim 73 wherein said early and 
said late bus clock signals are\ low-voltage-swing signals that 
transition cyclically between Idw and high logical values, and 
further including a semiconductoi^ device having a low-skew clock 
generator circuit comprising 

a DC amplifier to convert said early and said late bus 
clock signals into full-swing\ logic signals, 

a first variable delay liVie having a first variable 
delay and an input and an output, the input of said first 
variable delay line being connAsted to said DC amplifier 
a first, a second and a third additional delay line, 
each having an input and an outpW, the input of each of 
said additional delay lines beini^ connected to the output of 

said first delay line, 

said first additional de\ay line having a fixed 

delay. 
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fixed delay p 



said second additional delay line having said 



.us a second variable delay, and 
said thiid additional delay line having said fixed 
delay plus one! half of said second variable delay, 
a first clocked input receiver connected to sample said 
early bus clock sigAal and gated by said output of said 
first additional delay line, 

a means for adjiisting said first variable delay so said 
first clocked input receiver samples said early bus clock 
signal just as said early bus clock signal transitions, 

a second clocked input receiver connected to sample 
said late bus clock siAial and gated by said output of said 
second additional delay \line, 

a means for adjusting said second variable delay so 
said second clocked input\ receiver samples said late bus 
clock signal just as said\late bus clock signal transitions, 
whereby said output oA said third additional delay line 
is synchronized to a time halfway between said outputs of 
said first and said second additional delay lines, and said 
output of said third additional delay line provides an 
internal device clock signal. 



81. The bus subsystem of claim 80 further comprising a 
semiconductor device having 
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a first one! ofs^said low-skew clock generator 
circuits %^ich gjenerates a *true" internal device clock 
signal and 

a second onb of said low-skew clock generator 
circuits connected to generate a * complement* internal 
device clock signal synchronized with but opposite in 
logical value to Ipaid "true* internal device clock 
signal* 

^82« A DRAM device desired to be connected to an external 
bus having a plurality of bus\ lines for carrying substantially 
^all address, data and control \information needed by said DRAM 
i device as a sequential series (pf bits, said control information 
including device-select information, said external bus containing 
n 6\ibstantially fewer said bus likes than the number of bits in a 
{^single address, and said bus caiWing device-select information 
:;2 without the need for separate device-select lines connected 
directly to said DRAM device, said DRAM device comprising 

an array of memory cells\ connected in rows and columns, 
each of said memory cells adaj^ted to store one of said bits, 
a row address selection m^ns for selecting one of said 
rows, 

a column sense amp connected to each of said columns, 
each of said column sense amps ad)^pted to latch one of said 
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bits as a binary logica 
state, 

a column decoding 



1 value or to precharge to a selected 



I leans coxmected to each of said 
column sense amps for selecting a plurality of said column 
sense amps for inputting one of said bits to or outputting 
one of said bits from sakd memory cells, 

an internal I/O buslhaving a plurality of internal I/O 
lines %»herein each of said internal I/O lines is connected 
to a plurality of said column sense amps, and 

a plurality of bus connection means designed to connect 
said internal I/O lines tci said external bus, 

whereby a selected bit of said sequential series of 
bits can be transferred frim said external bus to a selected 
one of said memory cells or\ said bit contained in a selected 
one of said memory cells ca^ be transferred to said external 
bus. 



83. The DRAM device of claim\82 further comprising 

an output driver connect©^ to one said bus connection 
means, 

an output multiplexer havikg an output connected to 
said output driver and a plurality of inputs, each of said 
inputs being connected to one of\said internal I/O lines, 
and 
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a control means to select %Aether said output driver 
can drive said external bits, 

%«hereby a plurality G|£ memory cells are selected using 

meems and said column decoding 
means and a plurality of kjits contained in said plurality of 
memory cells are output through said column sense amps to 
said internal I/O bus to said output multiplexer to said 
output driver to said external bus. 



84. The DRAM device of claim 82 further comprising 

a plurality of input receivers coimected to one of said 
bus data lines and to said iWtemar I/O bus, 

a selection means for selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits, and 

a control means to select! whether an input receiver can 
drive said internal I/O bus, %»hereby a bit of said 
sequential series of bits is iiiput from said external bus 
through one of said input recei'irers to one of said internal 
I/O lines to one of said column ^ense amps to one of said 
memory cells. 
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85. The DRAM device of claim 82 further con^riBing 

a first and a second half -array of said neaoxy cells 
irtierein each said ron of said array of said memory cells is 
subdivided into two parts, 

a first and a second one of said internal Z/0 buses 
connected to said column sense ampB in said first and said 
second half -arrays, respectively, and 

a column decoder means to gate selected ones of said 
colximn sense amps connected to said memory cells in a 
selected row of said f J\rst and said second half -arrays 
simultaneously. 



86. The DRAM device of claim 85 wherein said column decoder 
means selects sixteen column sense amps at a time. 

87. The DRAM device of cJJjaim 82 wherein said external bus 
operates at a certain speed and\ wherein said DRAM device includes 
four of said internal I/O buses) each of which operates at one- 
fourth the speed of said external bus. 

88. The DRAM device of claim 82 fxirther comprising 

a means for precharging one of said column sense amps 
to a precharged state from which a binary logical value can 
quickly be loaded into said column sense aa^. 
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If said column sense amp contains a binary logical 
value, a means for latching the logical value currwxtly 
contained in said colunn sense as^ and 

a means for instructing said DRAM device to precharge 
said column sense amp Jr latch said binary logical value in 
said column sense amp. 

89. The DRAM device of claim 88 further comprising a means 
for instructing said DRAM delice to precharge said column sense 



^amp without further instruct 



.on %rtienever said row address 



^selection means selects a different one of said rows. 



90. The DRAM device of blaim 88 further comprising a means 
for instructing said DRAM devkce to precharge said column sense 
amp without further instructiln at a first or a second 
preselected time after latchtig the latest said binary logical 
value, said first preselected Itime being long enough for said 
DRAM to latch said binary logibal value into said column sense 
amp and transfer said binary ligical value into memory or onto 
one of said internal I/O lines,! and said second preselected time 
being a variable which can be stored in said DRAM device whereby 
said DRAM can latch a binary loiical value into said column sense 
amp for transferring said binarji logical value into or out of a 
selected said memory cell, then i^recharge to allow a faster 
sxibseguent read or %n:ite. 
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91. A padcage containing 

a seni conductor die having a side, circuitry a&d a 
plurality of connectinsi areas positioned along or near said 
side, spaced at a selected pitch and connected to said 
circuitry, 

Lsing a plurality of bus connecting 
means for connecting tola plurality of external bus lines, 
each of said external biis lines corresponding to one of said 
connecting areas, each of said bus connecting means being 
positioned on k first side of said package, 
connected to one said external bus line and to 
said corresponding connecting area on said 
semiconductor die, and 

spaced at a pitch substantially identical to said 
selected pitch of said connecting areas, 
vhereby each of said external bus lines can be 
connected to said corresponding connecting area on said 
semiconductor die by bus connection means positioned along a 
single side of said package. 



92. The package of claim 91 farther comprising a plurality 
of said bus connecting means whereii^ each of said bus connecting 
means includes 

a pin adapted ^f or connectio^ to one of said external 

bus lines and 
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a wire connecting said pin to one of said connecting 
areas on said semiconductor die, 

said wire having an effective lead length less than about 4 
millimeters and wherein the effective lead length of said wire of 
each of said bus connection me^s for said package is 
approximately equal. 

93. A plurality of packag^^s of claim 91 wherein at least 
two of said semiconductor die are memory devices, each of said 
1 packages being generally flat, having a top and a bottom, and 
3 wherein \ 

said packages are physically secured adjacent and parallel 
^to each other in a stack, \ 

where a first one of said packages is adjacent to a second 
^one of said packages in said stack, said top of said first 
f package is substantially aligned wfth said bottom of said second 
I package, and 

said bus connecting means of etach of said packages are 
sxibstantlally aligned and are lying! substantially in a plane. 



94. The plurality of packages 6t claim 93 further 
comprising a plurality of stacks wherein each of said bus con- 
necting means can be electrically connected to corresponding said 
bus connecting means in each of said stacks. 



25 
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95. A semiconductor device 



capable of use In a semi- 



conductor bus architectxire inclwling a plurality of semiconductor 
devices connected in parallel to a bus %»herein said bus Includes 
a plurality of bus lines for carrying substantially all address. 



data, control and device-select 



information needed by said 



semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-seloct information for said 
semiconductor device without this need for a separate device- 
select line connected directly to said individual semiconductor 
device, said semiconductor devide comprising 

connection means adaptjpd to connect said semiconductor 
device to said bus, and 

at least one modif iabl^ identification register 
accessible to said bus throigh said connection means, 
whereby data may be transmitted to said register via said 
bus and enable said device tfiereafter to be uniquely 
identified. 



96. The semiconductor device! of claim 95 wherein said 
semiconductor device is a memory dbvice which connects 
substantially only to said bus and! sends and receives 
substantially all address, data an<^ control information over said 
bus. 
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97* A sexaiconductor de^^lce capable of use in a aeial*- 
cozuluctor bus architecture Including a plurality of semiconductor 
devices connected in parallel! to a bus wherein said bus includes 
a plurality of bus lines for carrying siibstantially all address / 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without ths need for a separate device- 
; select- line connected directly to said individual semiconductor 
device, said semiconductor devi<:e comprising 

connection means adapted to connect said semiconductor 
device to said bus, and 

at least one modifiable register to hold device address 
information, said modifiable register accessible to 
said bus through said donnection means, ^rtxereby data 
may be transmitted to said register via said bus idiich 
enables said device thereafter to respond to a 
predetermined range of addresses. 



98. The semiconductor device \of c laim 97 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and kends and receives 
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substantially all address, /data and control information over said 
bus. 

99. The semiconductor device of claim 98 %rtierein said 
memory device has at least! one discrete memory section and also 
has at least one modifiabllp address register adapted to store 
memory address information \ which corresponds to each said 
discrete memory section. 

O' \ 

i 100. The semiconductor 'device of claim 99 wherein said 
S memory address information opmprises a pointer to said discrete 

■JJl 

^lU memory eectlon* 

L 101. The semiconductor device of claim_100 %»herein said. 

1^ discrete memory section has a Itop and a bottom and said memory 
i address information comprises pointers to said top and said 
bottom. 

102. The semiconductor device of c laim 100 wherein said 
memory address information comprises 

a pointer to said discAete memory section and 
a range value indicatirl^ the size of said discrete 

memory section. 
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103. A semiconductor device capable of use In a semi- 
conductor bus archltecttira including a plurality of semiconductor 
devices connected in parallel to a bus %#herein said bus includes 

Eor carrying substantially all address, 
data and control informatjlon needed by said semiconductor device 
for communication with substantially every other semiconductor 
device connected to said Bus, and has substantially fewer bus 
lines than the number of bits in a single address, said 
semiconductor device compriising 

connection means Adapted to connect said semiconductor 

device to said bus, anc 

at least one modifiable access-time register accessible 
to said bus through said connection means, %»hereby data may 
be transmitted to said register via said bus ^AiLch 
establishes a predetermined amount of time that said 
semiconductor device thereafter must wait before using said 
bus in response to a request. 



104. The semiconductor device of claim 103 idierein said 
semiconductor device is a memory ^device which connects 
sxibstantially only to said bus and sends and receives 
substantially all address, data an\l control information over said 
bus. 
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105. The semiconductor device of claim 103 further 
comprlBlng at least two accees-tlme registers and one of said 



access-time registers Is pes 



lently programmed to conta in a 
fixed value and at least one of said access-time registers can be 
modified by Information carried on said bus. 



^ 106. A semiconductor devlie capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel t]p a bus wherein said bus Includes 
J a plurality of bus lines for calcrying substantially all address, 
Mata, control and device-select llnformatlon needed by said 
i semiconductor device for coramunlfcatlon with substantially every 
1 other semiconductor device connected to said bus, and has 

substantially fewer bus lines thin the number of bits in a single 
i address, and carries device-select information for said 
^ semiconductor device without the fteed for a separate device- 
select line connected directly to \sald Individual semiconductor 
device, and %dierein each said bus line is a terminated 
transmission line, said semiconduclior device comprising 

connection means adapted to connect said semiconductor 

device to said bus, and 

a bus line driver capable o^ producing a low-voltage- 
swing signal on one of said terminated transmission lines. 



High Performance Bus Interface -104- 



m 



107. The iomiconductor device of claim 1.0 6 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, tjata and control information over said 
bus. 

^ 108. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines fori carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus , and has 
substantially fewer bus lines! than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directlji to said individual semiconductor 
device, said bus further including at least one bus clock line 
for carrying early and late bn\ clock signals, said semiconductor 

device comprising 

connection means adapti^d to connect said semiconductor 

device to said bus, and 

an internal device clock\ generating means %»hich 
generates an internal device dlock synchronised to a time 
halfway between said early and iaid late bus clock signals. 
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109. The •emiconductor device of c laim 10 8 urtierein »aid bus 
further includes a firet and a second one of said bus clock 
lines, said first bus\ clock line carries said early bus clock 
signal and said second bus clock line carries said late bus clock 
signal, said semicondufctor device further comprising a means to 
detect said early bus dlock signal on said first bus clock line 
and a means to detect sl^id late bus clock signal on said second 
bus clock line. 

110. The semiconductor device of claim 109 vherein said 
semiconductor device is a memory device which connects 
substantially only to saidWs and sends and receives 
substantially all address, 4^ata and control information over said 
bus. 

^ 111. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel tb a bus wherein said bus includes 
a plurality of bus lines for carWing as a sequential series of 
bits substantially all address, data, control and device-select 
information needed by said semicoiiductor device for communication 
with substantially every other semiconductor device connected to 
said bus, and has substantially fewd^ bus lines than the number 
of bits in a single address, and carries device-select 
information for said semiconductor device without the need for a 
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separate device-select line connected directly to said individtial 
semiconductor device, said semi conductor device comprising 

connection means adapted to connect said semiconductor 
device to said bus, 

a plurality of input receivers connected to one of said 
bus data lines and \ 

a selection means fior selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of\ bits • 

112. The semiconductor devAce of c laim lll^^ erein said 
semiconductor device is a memory\device %^ich connects 
substantially only to said bus ana sends and receives 
substantially all address, data arid control information over said 
bus. \ 

113. The semiconductor device of claim 11 2 wherein two input 
receivers are connected to one of said bus lines. 

^ 114. A semiconductor device capable of use in an 
architecture for a semiconductor system \bus including a plurality 
of semiconductor devices connected in pax^allel to a bus wherein 
said bus system includes a plurality of bus lines for carrying 
substantially all address, data, control ana device-select 
information needed by said semiconductor device for communication 
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with substantially every other semiconductor device connected to 
said system bus, and has substantially fewer bus lines than the 
number of bits In a single address, and carries device-select 
Information for said semiconductor device without the need for a 
separate device-select lln« connected directly to said individual 
semiconductor device, said semiconductor device costprlslng 

connection means adapted to connect said semiconductor 
device to said system bus, 

an internal input/output bus within said semiconductor 
device having more lines than said system bus, and 

a means for multipleaajig the lines of said lntemal_,bus 
to the lines of said systei bus, **ereby said system bus can 
run at a higher speed than said internal bus. 

115. The semiconductor devlce\of claim 114 wherein said 
semiconductor device is a memory device which connects 
substantially only to said system bus and sends and receives 
substantially all address, data and tontrol information over said 
system bus . \ 

\ \ 

116. A semiconductor device capable of use in an 

architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in ^rallel to a bus wherein 
said system bus includes a plurality of \bu8 lines for carrying 
substantially all address, data, control \and device-select 
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infoxnatlon needed by waid Bemlconductor device for connaunlcation 
with »ub8tantlally every other semiconductor device connected to 
said system bus, and hak substantially fewer bus lines than the 
number of bits in a sing^le address, and carries device-select 
information for said semiconductor device without the need for a 
separate device-select like connected directly to said individual 
semiconductor device, said semiconductor device cosiprising 

connection means \ adapted to connect said semiconductor 
device to said system Ws, 
10 ;7 an internal input/output bus within said semiconductor 

5 device having more lines than said system bus, 
il| a means for multiplexing the lines of said internal bus 

is to the lines of said system bus, %^ereby said system bus can 
I- run at a higher speed thai said internal bus, and 

(=(3 \ 

15 ill at least one modifiable identification register 

3 accessible to said system bus through said connection means, 
whereby data may be transmitted to said register via said 
system bus and which enables \ said device thereafter to be 
uniquely identified. 

20 

117. The semiconductor device 6f £laim 116 wherein said 
semiconductor device is a memory device which connects 
substantially only to said system bus and sends and receives 
substantially all address, data and ci^ntrol information over said 
25 system bus. 
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^ lie. A semiconductor device capable of use in an 
architecture for a semicc Ihductor system bus including a plurality 
of semiconductor devices dtonnected in parallel to a bus wherein 
said system bus includes W plurality of bus lines for carrying 
substantially all addressL Vata, control and device-select 
information needed by sail iemiconductor device for communication 
with substantially every ithlr semiconductor device connected to 
said system bus, and has slibitantially fewer bus lines than the 
number of bits in a single! adkress , and carries device-select 
information for said semiciidictor device without the need for a 
separate device-select line\ connected directly to said individual 
semiconductor device, said Lol^onductor device comprising 

connection means adapted to connect said semiconductor 

device to said system 

an internal input /oitput\bus within said semiconductor 

device having more lines Wan said system bus, 

a means for multipleakng the lines of said internal bus 
to the lines of said systi bus, thereby said system bus can 
run at a higher speed thanWald internal bus, and 

at least one modlfiabl A register to hold device address 
information, said modlf iable\register accessible to said 
system bus through said connection means, whereby data may 
be transmitted to said reglst^ via said system bus which 
enables said device thereafter Vo respond to a predetermined 
range of addresses. 
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119. The semiconductor 
semicondQCtor device is a 
substantially only to said 
sxibstantially all address, 
system bus. 



djvice of C laim IIB wherein said 
membry device vhich connects 
sybtem bus and sends and receives 
data and control information over said 



120. The semiconductor deiice of cJ^imJJ.9 wherein said 
memory device has at least oneldiscrete memory section and also 
lhas at least one modifiable address register adapted to store 
I memory address information which corresponds to each said 



II discrete memory section. 



1 



\ 121 . A semiconductor device capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said system bus includes a plurality of bus lines for carrying 
substantially all address, data and control information needed by 
said semiconductor device for communication with substantially 
every other semiconductor device connected to said system bus, 
and has substantially fewer bus lines than the number of bits in 
a single address, said semiconductor device comprising 

connection means adapted to\connect said semiconductor 

device to said system bus, \ 

an internal input/output bus within said semiconductor 
device having more lines than said system bus. 



High Performance Bus Interface -111- 




41 



a means for multiplexing the lines of said internal bus 
to the lines of said iiystem bus, vhereby said system bus can 



mn at a higher speed 
at least one modi 



than said internal bus, and 
iable access-time register accessible 
to said system bus thrV)ugh said connection means, %»hereby 
data may be transmitted to said register via said system bus 
vhich establishes a predetermined amount of time that said 
semiconductor device th^eafter must wait before using said 
system bus in response to a request. 

122. The semiconductor device of cl aim 12 1 %»herein said 
semiconductor device is a memor^ device vrtiich connects 
substantially only to said system bus and sends and receives 
substantially all address, data and control information over said 
system bus. 

123. The semiconductor device \of c laim 1 21 further 
comprising at least two access-time\ registers and one of said 
access-time registers is permanently programmed to contain a 
fixed value and at least one of said\access-time registers can be 
modified by information carried on sakd system bus. 

^ 124. A semiconductor device capable of use in a semi- 
conductor bus architecture including a Plurality of semiconductor 
devices connected in parallel to a bus ^erein said bus includes 
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a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for coLmtinication with substantially every 
other semiconductor device connected to said bus, and has 

substantially fewer bus lines than the number of bits in a single 

\ 

address, and carries device-select information for said 
semiconductor device withoutlthe need for a separate device- 
select line connected directlW to said individual semiconductor 
device, wherein said address, \ data, control and device-select 
information is carried over sakd bus in the form of request 
packets and bus transactions, said semiconductor device 
comprising \ 

connection means adapted to connect said semiconductor 

device to said bus, \ 

a means to receive said! request packets over said bus, 
a means to decode information in said request packets, 

and \ 

a means to respond to sai\d information in said request 

packets . 

125. The semiconductor device of c laim 1 24 %rtierein said 
means to decode information in said request packet further 
comprises 

a means to identify and deco<ip said control information 
in said request packet. 
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a means to Identify and decode said devices-select 
information in said requesi; packet, . 

a means to identify aid decode said address information 
in said request packet and 
5 a means to detenaine %mether said control information 

or said address information instructs said semiconductor 
device to begin a response. 

126. The semiconductor devic^ of claim 124 herein each of 
10 !^ said bus transactions is carried out in response to said address 

and said control information in one of said request packets and 
1]l wherein said means to identify and I decode information in said 
C| request packets includes a means to. identify a sequence of bytes 
%^ on said bus as one of said request ^ckets containing said — 
15 f1| address and said control information, said control information 
5 including information about the type^of said bus transaction 
being requested and the access time Which needs to intervene 
before beginning said bus transaction^ over said bus and said 

address and said control information includes device-select 

\ 

20 information instructing one or more said semiconductor devices to 
respond to said address and said control information. 

\ 

127. The semiconductor device of cl<^im 124 further 
comprising 
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a plurality of sense aiopllfiers adapted to precharge to 
a selected state or to latch a bit of Information, 

a means to hold said sense as^liflers in an unmodified 
state after latching cne of said bits of information # 

a means to precharge said sense amplifiers and 

a means for selecting %fhether said semiconductor device 
should precharge said sense amplifiers or should hold said 
sense amplifiers in an lunmodif led state. 

128. The semiconductor device of cl aim 12 4 herein said 
means to respond to said information, where said information is 
control information, further comprises a means to 

transfer a data bloclc during a data block transfer, 
further including a meansl to 

read data from said semiconductor device and 
write data into said semiconductor device, and 
initiate a data block transfer, 
transfer a data block of a selected size, 
transfer a data block at a selected time, 
access a control register, including a means to read 
from or %n:ite to said control register, or 
select normal or page-moae access. 

129. The semiconductor device of c laim 12 4 further 
comprising a means to respond to said information in said request 
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packet if said information 
number unique to said 



incELudes a device identification 
device. 



semicond ictor 



130. The semiconductor device of claim 124 further 
comprising a means to respond to said information in said request 
packet if said information inclludes a special device 
identification number which caljls for said semiconductor device 
to respond. 



131. The semiconductor devifie of claim 124 further 
comprising a means to respond tolsaid information in said req[uest 
packet if said information includ|es an address unique to said 
semiconductor device. 



132. The semiconductor device \of claim 12 4 further 
comprising a means to interpret said control information and 
decode the time to wait before begiiping said bus transaction 
over said bus. 



133. The semiconductor device of \ cl aim 124 further 
comprising a means to interpret said control information and 
decode the size of a data block to transfer during one of said 
bus transactions. \ 
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134. The semiconductor device of claiml2 4, 125, 126, 127 , 
128, 129, 130, 131, 132 or 133 therein said semiconductor device 
is a memory device %^ch connects substantially only to said bus 
and sends and receives substiantially all address, data and 
control information over 8a:.d bus. 



^ 135. A semiconductory^tfjvice^ capable of use in a semi- 
conductor bus architecture Including a plurality of semiconductor 
devices connected in ^rall il /to a bus wherein said bus includes 
a plurality of bus lines fo: : /carrying Bia>8tantially all address, 
data, control and deviceriseitect infonnation needed by said 



semiconductor device for co: 
other semiconductor device 
substantially f&aer bus lires than ythe number of bits in a single 



lunicatioh with substantially every 
connected to said bus, and has 



address, and caxries device 
semiconductor device fwithou 



-select/ information for said 
the need for a separate device- 



select line connected directly to said individual semiconductor 

device, wherein said address,Niata, control and device-select 

I \ 

information is darraed over said bus in the form of request 
packets and bus transactions, said semiconductor device 



comprising 



\ 
\ 



connection means adapted to connect said senxiconductor 
device to said bus, ^ 

a means to encode address and control information in 

said request packets and 
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a means to send said rdguest packets over said bus. 



136. The semiconductor device of clai m 135 . further 
comprising a means to request a bds transaction %»herein each of 
said bus transactions is carried okit in response to said address 
and said control information in onfe of said request packets, and 
wherein said means to encode inforiiation in said request packets 
includes a means to mark a sequence of bytes on said bus as one 
lof said request packets, said contjrol information including 
Kinformation about the type of said bus transaction being 
trequested and the access time %rtiich needs to intervene before 
jbeginning said bus transaction ovea: said bus and said address and 
^said control information includes device-select information 
/ instructing one or more said semiconductor devices to respond to 
I said address and said control information. 



137. The semiconductor device 



more of said plurality of semiconductor devices has a unique 



device identification number, said 
comprising a means to send control 
of said plurality of semiconductor 
request packet a selected said dev 



of claim 135 wherein one or 



semiconductor device further 
information to a specific one 
devices by including in said 
ce identification number. 



138. The semiconductor device 6f cla im 13 5 %»herein each of 
said plurality of semiconductor devious is adapted to respond to 
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a special device Identification number, said semiconductor device 
further comprising a means to send control information to each of 
said plurality of semiconductor devices by including in said 
request packet said special c evice identification number. 

139. The semiconductor device of cl aim 135 therein one or 
more of said plurality of senlconductor devices is a memory 



device having a plurality of 



addresses, said semiconductor device 



f\irther comprising a meems to send control information to a 
specific address or range of addresses in one of said plurality 
of semiconductor devices by including said specific address or 
range of addresses in said request packet. 



140. The semiconductor device of c laim 1 35 vherein at least 
one of said request packets is a request packet requesting a bus 
transaction which is followed Iby a corresponding one of said bus 
transactions, said semiconductor device further comprising a 
means to encode said control information to specify directly or 
indirectly the time between the end of said request packet 
requesting a bus transaction arid said corresponding bus 
transaction over said bus. 



141. The semiconductor device of cl aim 140 wherein one type 
of said bus transactions is a transfer of a data block, said 
semiconductor device further comprising a; means to encode said 
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control information to specify the size of said data block to 
transfer. 

142. The semiconductor device of cla im 14 0 further 
I comprising a means to keep track of current and pending bus 
transactions, vhereby collisions on said bus are avoided because 

avoids initiating bus transactions 
current or pending bus transactions. 



said semiconductor device 
%^ich would conflict witli 



semiconductor device is a 



143. The semiconductor device of clalmJ^S vherein said 



15 iU 



20 



first master device and one of said- 
plurality of semiconductor devices is a second master device, 
further comprising 

a collision deticting means whereby said first master 
device when sending A first one of said request packets can 
detect said second mister device sending a colliding one of 
said request packets , I vrtiere said colliding request packet 
may be sent simultaneous with the initial sending of or 
overlapping the sending of said first request packet, and 

an arbitration means whereby said first and said second 
master devices select a priority order in which each of said 
master devices will be \allowed to access said bus 
sequentially. 
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144 . The semiconductor /device of cl aim 143 wherein said 
semiconductor device is a master device and at least one of said 
plurality of semiconductor /devices is a master device, each of 
said master devices has a ihaster ID number and each of said 

master ZD position which is a 
predetermined number of bits in a predetermined position in said 
request packet, and wherein said collision detection means 



request packets includes a 



comprises 

a means for said semiconductor device to send its 
master ID number in said request packet and 

a means to detect a collision and invoke said 
arbitration means if said semiconductor device detects any- 
other master ID n\imber in said master ID position. 

145. The semiconductor device of^cl aim 144 w herein said 
system bus architecture includes a means for carrying information 
on said bus during bus cycles, said semiconductor device further 
comprising 

a means for driving a selected bus line or lines during 
at least one selected bus cycle while sending each said 
request packet, 

a means for moniljoring said selected bus line or lines 
to see if another said master device is sending one of said 
colliding request packets and 



High Performance Bus Interface -121- 



a means for Informing all said master devices that a 
collision has occurred land for invoking said arbitration 



means 



a meems, v^en s 
selected bus line ox 



146. The semiconductqr device of claim 14 5 further 
comprising 

landing a request packet, for driving a 
lines with a certain current during at 
least one selected bus cycle, 

a means for moritoring said selected bus line or lines 
for a greater than normal current to see if another said 
master device is driving that line or lines, 

a means for detecting said greater than normal current, 

and 

a means for informing all said master devices that a 
collision has occunred and for invoking said arbitration 
means . 

147. The semiconductor device of claim 143 %»herein said 
arbitration means comprisBS 

a means for initiating an arbitration cycle, 
a means for allocating a single bus line to each said 
master device during \at least one selected bus cycle 
relative to the start! of said arbitration cycle. 



a neana for allocating each said nuiBtor device to a 
•ingle bus line during/ one of said .elected bus cycles if 



there are more master 
a means for each 



devices than available bus lines, 
of said master devices ^ich sent one 
of said colliding request packets to drive said bus line 
allocated to said mas :er device during said selected bus 

cycle, and 

a means in at least one of said master devices for 
storing information about vhich master devices sent one of 
said colliding request packets, 

whereby said mas ter devices can monitor selected bus 
lines during said arJLtration cycle and identify each said 
master device vhich s^t one of said colliding request 
packets 



148. The semiconductoi 
arbitration means comprise 
a means for iden 
%»hich sent one of sal 
a means for assig 
device which sent one 

a means for allow 
one of said colliding 
sequentially according 



device of cl ajja 143 % ^erein said 



fying each of said master devices 
colliding request packets, 
ing a priority to each said master 
»f said colliding request packets, and 
,g each said master device which sent 
Request packets to access the bus 
o that priority. 
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149. The semiconductoi: 
priority is based on the 
devices . 



device of c laim 143 wherein said 
physical location of each of said naster 



150. The semiconductor device of^£laiin. 14^ vherein said 



priority is based on said 
devices . 



master ZD number of said master 
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